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FOREWORD 


The  basic  responsibility  of  the  Area  Redevelopment  Administration 
of  the  U.S.  Department  of  Commerce  is  to  help  revitalize  the 
economies  of  American  communities  suffering  from  chronic  unemploy- 
ment and  underemployment. 

One  way  of  assisting  a  community  is  to  determine  the  kinds  and 
the  magnitudes  of  its  economic  problems  and  the  possible  solutions 
ARA  helps  do  this  through  its  Technical  Assistance  program. 

This  publication  is  a  produce  of  a  technical  assistance  contract 
with  the  Department  of  Economic  Development,  State  Office  Building. 
Augusta,  Maine. 

This  study  was  undertaken  to  prove  the  existence  of  sufficient 
marine  clay  reserves  in  southern  York  County  to  justify  the 
location  of  a  lightweight  aggregate  plant  using  the  marine  clay 
as  a  source  material.   The  conclusions  and  recommendations  have 
general,  broader  applicability  for  the  entire  aggregate  industry. 


William  L.  Batt,  Jr.,  Administrator 
Area  Redevelopment  Administration 
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Technical  and  Economic  Feasibility  of  Establishing  a  Light- 
weight Aggregate  Plant  Using  Marine  days  in  York  County,  Maine 


SUMMARY 

Preliminary  reconnaissance  surveys  followed  by  detailed 
hand-auger  drilling  established  the  presence  of  workable 
marine  clay  reserves  in  excess  of  25  million  cubic  yards  in 
York  County,  Maine.  This  volume  is  considered  more  than 
adequate  for  the  basis  of  a  lightweight  aggregate  operation 
in  the  area.   Various  deposits  in  two  major  areas,  Eliot 
and  Arundel,  are  described  in  detail. 

Analyses  and  tests  were  made  on  clay  samples  from  the 
above  areas.   Major  mineral  constituents  (75  -  90%)  of  these 
marine  clays  were  determined  as  feldspar,  quartz  and  muscovite. 
Pilot  plant  testing  included  the  blending  of  clay  samples, 
extrusion  into  pellets,  957o  moisture  extraction  in  rotary 
dryers,  and  firing  in  a  modified  rotary  kiln.  Discharged 
samples  had  a  density  of  30  to  45  pounds  per  cubic  foot. 
These  were  then  crushed  and  sized  for  structural  and  masonry 
concrete  tests.  Anticipated  strength  values  for  structural 
concrete  are  in  the  range  of  3500  to  5000  psi  for  mix  designs 
containing  5%   to  7  bags  of  cement.  Manufacture  of  a  coated 
product  with  bulk  density  of  40  to  45  pounds  per  cubic  foot 
is  recommended  to  supply  structural  and  masonry  concrete 
industries . 


Description  is  given  of  operational  steps  necessary  to  manu- 
facture an  exceptional,  high-quality  lightweight  aggregate  from 
the  clay  by  conventional  processing  techniques.   This  description 
is  based  on  a  plant  production  of  132,000  tons  of  aggregate  annually 
(330  days  of  operation  at  400  tons  daily).   Estimated  construction 
costs  total  $801,600.  These  including  mining,  raw  clay  storage  and 
handling,  clay  preparation  and  pelletizing,  clay  pellet  drying, 
burning,  cooling,  clinker  storage,  crushing  and  sizing,  buildings 
and  miscellaneous.   Production  costs  are  estimated  at  $3.80  per  ton 
of  aggregate.   Factors  considered  include  personnel,  fuel, 
electricity,  depreciation,  repairs  to  equipment,  payroll  taxes, 
unemployment  and  disability  insurance,  interest,  supplies  and  main- 
tenance, insurance  and  association  dues. 

The  market  feasibility  for  a  lightweight  aggregate  operation 
in  York  County  was  investigated  through  detailed  contacts  and 
interviews  with  (1)  producers  of  concrete  brick  and  block,  general 
concrete  items ,  precast  and  prestressed  concrete ,  ready-mix  and 
cement,  (2)  commodity  transportation  and  companies,  (3)  architects 
and  (4)  the  Portland  Cement  Association.   Areas  covered  included 
Maine,  except  the  most  northern  portion,  southern  and  eastern  New 
Hampshire,  and  eastern  Massachusetts.   In  this  region,  estimated 
annual  markets  for  41,000  tons  of  lightweight  block  and  60,000  tons 
of  ready-mix  were  established. 
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RAW  MATER  I  AX  RESOURCE   INVESTTCATION 

OBJECTIVE 

This  study  was  undertaken  to  prove  the  existance  of 
sufficient  marine  clay  reserves  in  southern  York  County  to 
justify  the  Location  of  a  lightweight  aggregate  plant  using 
the  marine  clay  as  a  source  material a  Five  areas  were  chosen 
for  reconnaissance  and  detailed  study.  The  choice  was  made  on 
the  basis  of:   (a)  possibility  of  large  tonnage  reserves  (b) 
accessibility  of  rail  and  road  transportation  (c)  low  cost 
land  area. 

Reserves  of  at  least  20,000,000  cubic  yards,  maybe 
40,000,000  tons  total  in  Eliot  and  Arundel,  were  considered 
essential  for  the  success  of  the  project., 
CONDUCT  OF  THE  INVESTIGATION 

Each  of  the  five  deposits  were  probed  with  sufficient  wide 
space  hand  auger  drill  holes  to  provide  parameters  for  detailed 
investigation.  Three  of  these  deposits  were  drilled  in  detail. 
Because  of  the  remarkable  continuity  of  the  three  deposits 
drilled  in  detail  and  their  close  relationship  to  other 
deposits  examined  in  reconnaissance  fashion,  it  became  apparent 
that  further  detailed  drilling  would  not  be  necessary  for  the 
other  areas.   More  emphasis  was,  therefore,  placed  on  physical 
characteristics  of  the  deposits  in  general.  These 
characteristics  investigated  were  water  content,  drainage, 
and  water  table  fluctuation  and  possible  bedrock  configuration. 


Three  areas,  one  in  Eliot,  Maine,  another  in  Arundel,  Maine, 
and  a  third  in  North  Berwick,  Maine  were  investigated  with  auger 
hole  drilling  following  a  reconnaissance  survey  of  much  of  southern 
York  County.   The  reconnaissance  survey  was  greatly  aided  by  the 
previous  work  of  Bloom  (1960)  in  the  area.   Two  other  localities 
in  South  Berwick  were  investigated  in  sufficient  detail,  as  noted 
above,  to  prove  the  existence  of  unadulterated  material. 


INTRODUCTION 

Hand  auger  holes  were  drilled  to  prove  the  clay  deposits,  to 
determine  thickness  and  to  collect  samples.   The  equipment  was 
limited  to  35  feet  of  drill  pipe,  this  being  the  maximum  that  two 
men  could  reasonably  handle.   It  is  also  considered  that  20-35 
feet  of  clay  represents  the  optimum  thickness  for  economic  and 
practical  reasons  in  deposits  of  this  sort,  so  that  deeper 
drilling  is  unwarranted. 

In  the  following  section  of  this  report  a  breakdown  of  the 
work  period  is  presented.   This  is  followed  by  a  general  description 
of  the  three  areas  investigated.  The  auger  drilling  in  Eliot, 
Arundel  and  North  Berwick  was  greatly  hampered  by  the  unusual 
dryness  of  the  upper  4  to  10  feet  of  clay  caused  by  an  extreme 
drought  in  May  and  June  1963.   The  slowness  with  which  the 
drilling  progressed  in  the  early  stages  of  work  made  it  necessary 
to  alter  the  planned  close-spaced  drilling  to  a  more  flexible  plan: 
where  experience  and  preliminary  drilling  indicated  little  variation 
in  thickness  could  be  expected,  a  10  to  20  acre  spacing  was  chosen. 
In  ground  near  margins  of  deposits  and  where  unusual  irregularities 
in  the  surface  under  the  clay  was  indicated  by  topography  and 
preliminary  drilling,  a  5  to  10  acre  spacing  of  holes  was  used. 


Summary  of  Work  Perforata 

Work  period   -  June  h  through  June    30,    1963 

Number  of  days  worked   -    17 

Breakdown  of  work  perforated   - 

7  days  (41%)  -  Reconnaissance,  requesting  trespass  permission, 

interviewing  well  drillers,  drafting,  writing., 

10  days  (59%)  Auger  drilling,  stratigraphic  studies,  sampling. 

Days  worked  by  assistant  -  10 

Results  of  drilling  - 

Number  of  holes  drilled:    112 

Number  of  feet  drilled:    2503 

Average  depth  per  hole:    22.4  feet 

Number  of  acres  investigated  in  detail:   600  (approx. ) 

Number  of  acres  per  hole  (average):   8  approx.)* 

Estimated  amount  of  clay  proved:   15  to  20  million  cubic  yards. 

DESCRIPTION  OF  AREAS  AND  RESULTS  OF  WORK  BY  AREA 

ELIOT,  MAINE   The  area  investigated  (see  figure  1)  is  bounded 
approximately  by  Sturgeon  Creek  on  the  north,  by  Route  103  on  the  west} 
by  Route  236  on  the  east  and  by  a  swamp  called  "The  Heath"  on  the 
south. 

Two  properties,  owned  by  Miss  Mildred  McCleod  and  Burt  Emery, 
comprise  more  than  200  acres  and  are  estimated  to  contain  in  excess 
of  3  million  cubic  yards  of  clay.   The  holdings  of  Staples  and 
Goodwin  which  abut  the  above  properties  increase  the  total  to  more 
than  4  million  yards  in  roughly  300  acres. 
Thickness  and  Stratigraphy  of  Clay 

In  much  of  the  area  examined  in  Eliot,  the  clay  exceeds  20  feet 
in  thickness,  with  little  (1  to  3  feet)  or  no  overburden.   The  upper 
6  to  10  feet  consists  of  brown  to  grey-brown  clay  with  15  to  25% 
water  content  at  time  of  sampling.   Grey  to  blue-grey  clay,  usually 
containing  more  than  307o  water,  underlies  the  brown  clay  and  locally 
reaches  50  feet  thickness.   A  summary  of  clay  thickness  as  shown  by 
auger  drilling  is  shown  in  Table  I. 

*Approximately  20  of  the  112  holes  drilled  were  not  within  areas  of 
detailed  investigation. 


Figure  I 

ELIOT  .MAINE 
CLAY  DEPOSIT  LOCATION 


CLAY   AREA 


TABLE  I 

Frequency  (percent)  of  holes  of  given  depth  and  percent  of  holes  a 
given  depth  or  greater  (cumulative  frequency),  Eliot,  Maine. 

Depth  in  feet  5  5  10  15  20  25  30  35 

Frequency  (%)  6  16  19  23  6  13  4  13 

Cumulative  100  S4  73  5S  36  30  17  13 
Frequency 

The  data  in  Table  I  indicate  that  the  median  depth  (50%  cumula- 
tive frequency)  of  the  holes  in  the  Eliot  area  is  something  between 
15  and  20  feet.   It  should  be  pointed  out,  however,  that  many  of  these 
holes  were  drilled  to  determine  the  margins  of  the  clay  deposits  and 
fewer  holes  were  drilled  in  large  areas  in  which  preliminary  drilling 
indicated  consistent  thickness  of  clay.   Of  consideration  also  is  the 
fact  that  the  equipment  used  limited  drilling  to  35  feet.   The  holes 
listed  in  Table  I  as  35  feet  nay  be  in  clay  as  much  as  70  feet  thick, 
to  judge  from  logs  of  nearby  wells. 

The  arithmetic  mean  depth  of  holes  drilled  in  the  Eliot  area  is 
approximately  18  feet  and  this  figure  is  used  in  the  preliminary 
estimate  of  the  total  volume  cf  clay  in  the  area.   For  the  final 
report  of  this  project,  a  weighted  average  depth,  based  upon  an 
estimated  depth-area  relationship,  will  be  determined  and  used  in 
the  calculation  of  total  reserves. 
Surface  and  Drainage  Conditions 

Most  of  the  clay  lies  below  the  20  foot  contour  line  and 
consequently  nearly  all  the  blue-grey  and  grey  clay  lies  at  or  below 
sea  level.   Despite  the  low  gradient  of  Sturgeon  Creek,  however,  the 
majority  of  ground  investigated  is  surprisingly  well  drained  and,  at 
time  of  study,  readily  supported  the  weight  of  a  jeep.   This  conditio! 
is  in  part  due  to  an  extensive  drought  which  occurred  before  and 
during  the  period  of  investigation. 


Most  of  the  area  studied  is  cleared,  either  for  pasture 
or  farming,  with  some  swampland  and  cut-over  timberland. 
Access  and  Transportation 

The  outstanding  feature  of  the  Eliot  area,  besides  the 
abundance  of  clay,  is  the  excellent  location  near  highway 
transportation.  The  area  is  nearly  outlined  by  hard-surface 
roads  and  is  crossed  by  Route  236.  Rail  service  comes  within 
10  miles  of  the  area,  in  Dover,  N.  H.  The  nearby  Piscataqua 
River  offers  potential  barge  facilities  to  Boston  and  other 
Atlantic  ports.  The  Eliot  area  is  approximately  50  miles 
from  Portland,  Maine  and  75  miles  from  Boston. 

ARUNDEL,  MAINE 

Nearly  a  square  mile  of  ground  northwest  of  the  Maine 
Turnpike  and  northeast  of  the  Kennebunk  River  was  investigated 
(see  figure  2).   Properties  of  Ralph  Norman,  N.  P.  Schieren 
and  Carl  Russell  total  more  than  300  acres  and  are  estimated 
to  contain  in  excess  of  13  million  cubic  yards  of  clay.  An 
additional  300  acres  of  swampy  ground  are  contiguous  with 
these  properties ,  and  contain  an  additional  10  to  12  million 
yards  of  clay. 

With  the  exception  of  a  20  acre  area  near  the  Schieren 
house  where  bedrock  is  encountered  at  25  to  30  feet  depth, 
most  of  the  clay  in  this  deposit  is  more  than  35  feet  in 
thickness.   More  than  70  feet  of  clay  is  reported  in  a  nearby 
Maine  Turnpike  bridge  construction. 

The  clay  in  the  Arundel  area  appears  to  be  well  drained 
and  relatively  dry  to  depths  of  10  to  12  feet.  The  upper  clay 
is  brown  to  grey-brown  and  the  lower  clay  is  grey  to  blue-grey. 
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A  maximum  of  2  feet  of  overburden  was  encountered  in  most  of 

the  Arundel  area.   Up  to  15  feet  of  silt  and  sand  overlies 

clay  in  the  narrow  floodplain  of  the  Kennebunk  River. 

A  summary  of  the  drilling  in  Arundel  is  presented  in 

Table  2. 

TABLE       II 

Frequency  of  holes  of  given  depth  and  percent  of  holes  a  given 

depth  or  greater  (cumulative  frequency),  Arundel,  Maine. 

Depth  in  feet  5   5   10  15  20  25   30  35 

Frequency  (%)  5   5    5   0   0  12  17  56 

Cumulative  Frequency  (%)  1.00  95   90  85  85  85  73  56 

The  drilling  data  presented  in  Table  2  illustrates  the 
consistent  thickness  of  clay  which  characterizes  much  of  the 
Arundel  deposit.  The  arithmetic  mean  depth  of  holes  drilled 
in  the  Arundel  area  is  about  29  feet,  the  figure  used  in  the 
preliminary  estimate  of  clay  reserves  in  the  deposit. 
Surface  and  Drainage  Conditions 

The  upper  surface  of  clay  deposits  investigated  in  Arundel 
lies  between  60  and  100  feet  above  sea  level  and  as  a  result 
the  clay  is  well  drained  and  will  readily  support  heavy 
vehicles,  at  least  during  prolonged  dry  spells.  Natural 
banks  of  more  than  20  feet  height  rise  on  both  sides  of 
the  river  in  the  area  studied,, 

All  the  land  investigated  is  either  in  woodland  or  is 
cleared  for  pasture  or  farming.  An  additional  300  acres 
or  more  of  si^ampy  ground  are  contiguous  with  the  land 
investigated  and  contain  similar,  if  somewhat  wetter,  clay 
deposits. 
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Access  and  Transportation 

The  clay  deposits  described  above  are  readily  accessible 
by  hard-surfaced  roads  and  are  within  2  to  3  miles  of  an 
interchange  on  the  Maine  Turnpike.  Rail  service  is  available 
in  Kennebunk,  about  5  miles  distant.  The  Arundel  area  is 
approximately  25  miles  from  Portland  and  90  miles  from 
Boston. 

RECONNAISSANCE  IN  YORK  AND  SOUTH  BERWICK,  MAINE 

Several  auger  holes  were  drilled  in  York,  Maine,  along 
the  tidal  marshes  of  the  York  River.  These  holes  indicate 
the  presence  of  large  deposits  of  clay  overlain  by  10  to  15 
feet  of  salt  marsh  peat.  Most  of  the  available  clay  is 
below  sea  level.  At  present,  it  is  not  felt  that  any  further 
study  of  this  area  is  warranted. 

Auger  holes  in  North  Berwick  along  the  east  side  of  the 
Maine  Turnpike  indicate  the  presence  of  clay  in  that  areaa 
The  main  line  of  the  Boston  and  Maine  Railroad  crosses  some 
of  these  deposits.   Because  of  possible  large  reserves  of 
clay  and  good  transport  facilities,  further  detailed  study 
of  this  area  is  recommended. 
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DETAILED  DESCRIPTION  OF  ELIOT  AREA,_  MAINE 

The  area  investigated  in  detail  is  shown  on  Plate  I,  on 
which  each  auger  hole  is  located.   The  logs  of  these  holes  and 
those  in  other  areas  are  presented  in  the  appendix.  Near  the 
location  of  each  auger  hole,  there  are  two  numbers:   (1)  the 
numbered  designation  of  the  hole  which  is  preceeded  by  a  letter 
and  (2)  a  number  in  parenthesis  which  is  the  depth  of  the  particular 
hole  in  feet. 
Area  A  -  Eliot,  Maine 

This  area  lies  on  the  east  and  west  sides  of  Route  236  and  to 
the  east  of  Depot  Road  (see  Plate  I).  The  median  depth  of  these 
28  holes  is  about  17  feet  and  the  mean  depth  is  19.0  feet.   Because 
many  of  these  holes  were  drilled  in  order  to  establish  the  boundaries 
of  the  clay  deposit,  there  are  proportionally  more  shallow  holes 
than  deep  holes.  The  weighted  mean  depth  is  estimated  to  be  about 
20  feet  for  the  100  acres,  here  under  consideration. 

In  the  area  designated  as  "A"  in  this  report,  there  are  more 
than  3  million  cubic  yards  of  cley  available.   Of  the  three  areas 
in  Eliot  in  which  detailed  drilling  was  done,  this  area  is  considered 
to  be  the  best  from  the  standpoints  of  volume,  uniformity,  access- 
ibility and  location  with  respect  to  power  and  water  supplies. 
Area  B  -  Eliot,  Maine 

This  area  lies  between  Sturgeon  Creek  and  Depot  road  and  is 
partly  a  continuation  of  Area  "A"  described  above.   Holes  numbered 
B-l  through  B-ll  are  in  a  narrow  continuation  which  lies  between 
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two  sand  and  gravel  covered  hills.  Clay  in  this  area  averages  about 
13  feet  thick  and  would  add  approximately  ■§■  million  cubic  yards  to 
the  3  million  yards  in  Area  A.   Holes  B-12  through  B-15  are  in 
another  narrow  valley  in  which  the  clay  is  thicker.  Toward  Sturgeon 
Creek,  sand  overlying  clay  becomes  thicker. 
Area  C  -  Eliot,  Maine 

This  area  lies  north  of  Sturgeon  Creek  between  Route  103  and 
the  Piscataqua  River,  The  clay  in  this  area  is  highly  variable 
in  thickness  and  is  covered  with  several  feet  of  coarse  sand. 
Summary  of  Eliot  Area 

Natural  boundaries,  such  as  Sturgeon  Creek,  and  man-made 
boundaries  such  as  the  various  roads  in  the  area  separate  the  clay 
in  the  Eliot  area  into  several  separate  deposits.  The  Area 
designated  as  Area  "A"  is  judged  to  be  the  best  of  the  several 
investigated  in  the  Eliot  area. 
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DETAILED  DESCRIPTION  OF  ARUNDEL  AREA,  MAINE 

The  location  of  auger  holes  drilled  in  the  Arundel  area  is 
shown  on  Plate  2  and  the  logs  of  these  holes  are  presented  in 
the  Appendix. 

Although  the  areas  are  described  separately  and  given 
separate  letter  designations,  the  clay  deposit  should  be 
considered  as  a  single  deposit. 
Area  F  - 

With  the  exception  of  holes  F-5  -  F-7,  the  majority  of  holes 
drilled  were  30  feet  or  more  deep.   (See  Appendix).   It  should 
be  noted  that  in  most  holes  clay  was  encountered  right  at  the 
surface.   Partly  because  of  good  drainage  and  partly  because 
of  extreme  drought  conditions  during  the  field  examination, 
the  Arundel  clay  deposits  were  readily  accessible  by  jeep. 

In  this  area  of  approximately  200  acres,  the  clay 
averages  30  feet  thick.   The  volume  of  clay  is  approximately 
9.0  million  cubic  yards. 
Area  G  - 

The  clay  in  this  area  underlies  a  very  productive  farm 
and  was  studied  only  to  give  a  more  complete  picture  of  the 
clay  deposits  in  the  area.  The  100  acres  studied  here  contain 
approximately  9  million  cubic  yards  of  clay. 
Area  H  - 

A  line  of  auger  holes  was  put  down  along  a  power  line 
which  crosses  more  than  300  acres  of  swampy  ground  in  the  northern 
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part  of  this  area.  Although  covered  with  a  variable  thickness 
of  peat  and  silty  sand,  the  clay  in  this  area  apparently  exceeds 
in  volume  of  the  clay  in  the  areas  F  and  G  described  above. 

York,  Maine  Area  - 

Area  between  S.  Berwick  Road,  Maine  Turnpike,  and  Beech 
Ridge  Road,  along  York  River  (See  York  Quadrangle). 

8  holes  were  put  down  -  each  with  10-15  feet  salt  marsh 
peat  underlain  by  20  feet  of  wet,  blue  clay.  No  holes  reached 
bottom  of  clay  deposit. 

N.  Berwick  Area,  Maine  - 

Three  test  holes  were  put  down  in  swampy  area,  north  and 
east  of  town  of  North  Berwick  near  Boston  and  Maine  tracks*   Each 
of  these  holes  penetrated  2«3  feet  of  peaty  clay  before 
encountering  plastic  blue  clay.  No  drilling  was  done  to 
determine  the  total  depth  of  these  clay  deposits. 
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SUMMARY  AND  CONCLUSIONS 

The  various  areas  which  were  examined  in  detail  are  listed 
below  in  the  order  of  priority  the  author  would  give  them.   This 
judgment  includes  considerations  of  volume,  land  use,  accessibility, 
workability  and  position  with  respect  to  potential  markets. 
Insofar  as  possible,  the  present  ownership  of  the  land  under 
consideration  is  given. 

1.  Arundel,  Maine  -  Area  investigated  by  Auger  holes 
F-l  through  F-28. 

Approximately  200  acres  of  land  which  has  a 

weighted  average  of  30  feet  of  proven  clay 

which  contains  at  least  9  million  cubic 

feet  of  clay. 

The  land  in  the  vicinity  of  holes  F-5 

through  F-9  is  owned  by  Norman  Schieren, 

Arundel,  Maine.  With  the  exception  of 

land  in  the  vicinity  of  holes  F-19 

through  F-22,  the  ownership  of  which 

was  not  determined,  the  rest  of  the 

land  under  discussion  is  owned  by 

Ralph  Norman.   It  might  be  mentioned 

that  at  the  time  of  this  study,  Mr. 

Norman  was  attempting  to  sell  his 

property. 
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2.  Arundel,  Maine  -  Area  investigated  by  holes  H-l 
through  H-7. 

The  land  in  the  vicinity  of  holes  H-l  through  H-7 
comprises  approximately  300  acres  of  swampy  woodland, 
the  ownership  of  which  was  not  determined.  Although 
the  swampy  ground  would  present  certain  difficulties 
in  handling  the  clay,  this  may  be  partially  offset 
by  the  lower  land  value  the  property  should  have. 
There  is  more  than  13  million  cubic  yards  of  clay 
in  this  deposit.  Additional  holes  in  the  area  (H-8  - 
11)  indicate  clay  to  the  west  of  this  deposit  with 
sand  up  to  several  feet  thick  overlying  the  clay. 

3.  Eliot,  Maine  ~  Area  investigated  by  Auger  Holes  A-l 
through  A-29. 

There  are  approximately  200  acres  of  land  which  is 
underlain  by  a  variable  thickness  of  clay  which 
ranges  from  about  10  feet  to  a  maximum  known 
thickness  of  67  feet.  A  somewhat  subjective, 
but  conservative,  average  thickness  is  estimated 
at  15  feet,  which  indicates  a  total  of  about  4.5 
million  cubic  yards  in  this  deposit. 
Land  ownership  in  this  area  was  only  generally 
established,  and  is  approximately  as  follows: 
Holes  A-l  through  A-12  -  Mr.  Emery,    Eliot,  Me. 

A-13   "    A-20  -  Mr.  Goodwin,  Eliot,  Me. 

A-21   "    A-25  -  Mr.  Staples,   Eliot,  Me. 

A-26   "    A-29  -  Miss  McCleod,   Eliot,  Me. 
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k.      Eliot,  Maine  -  Area  investigated  by  holes  B«-l  through 

B-15. 

There  is  approximately  100  acres  of  ground  in  this 
area  underlain  by  a  variable  thickness  of  clay  which 
is  estimated  to  average  at  least  15  feet,  yielding  a 
total  of  2o.25  million  cubic  yards  of  clay0   The 
deposit  is  actually  divided  into  two  separate, 
rather  narrow  deposits,  separated  by  a  ridge  of 
sand  and  gravel 0  This  gravel  deposit  offers  a 
good  foundation  for  a  possible  plant  site  between 
the  two  parts  of  the  deposit. 

With  the  exception  of  a  few  acres  in  the  vicinity 
of  Auger  hole  B~15,  all  the  land  under  consideration 
is  owned  by  Miss  Mildred  McGleod,  Eliot,  Maine, 
5,   Eliot,  Maine  -  Area  investigated  by  Auger  holes  C-2 

through  C-7. 

There  is  more  than  100  acres  of  land  in  this  area 
underlain  by  a  variable  thickness  of  clay*   Because 
only  k   holes  actually  penetrated  the  clay,  there  is 
no  firm  basis  for  estimation  of  average  thickness 
or  total  volume.  A  very  rough  estimate  is  that 
the  clay  may  average  more  than  20  feet  thickness 
over  most  of  the  100  acres.  The  clay  in  this  area 
is  overlain  by  as  much  as  5  feet  of  sand.  An 
attractive  feature  of  much  of  this  land  is  that  it 
is  second  growth  woodland  and  should  be  relatively 
inexpensive  real  estate, 

20 


The  only  ownership  established  in  this  area  is  that 
of  Clifford  Eoyce  in  the  vicinity  of  auger  hole  C-7. 
6.  Kennebunk,  Maine  -  Area  investigated  by  Auger  holes 
G-l  through  G-8. 

This  area  comprises  about  100  acres  of  good  farm 
and  pasture  land  owned  by  Carl  Rugs el.   Although 
the  present  land  use  makes  the  probably  selling 
price  prohibitive,  the  deposit  should  be  included 
in  this  study.   The  clay  in  this  area  averages 
about  20  feet  in  thickness,  which  produces  about 
3  million  cubic  yards  of  reserves. 
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APPENDIX    I LOGS    OF  AUGER  HOLES 


Area  A  < 

-  Eliot,  Maine 

-  Approximately 

100  acres 

Al  - 

0-14 » 

clay 
refusal 

A16 

- 

0-67  -  clay  (log  of 

water  well) 
67*   -  refusal  -  ledge 

A2  - 

0-13* 

clay 

13'  - 

refusal 

A17 

— 

0-15  -  clay 
15'   -  refusal 

A3  - 

0-15* 

clay 

15'  - 

refusal 

A18 

°" 

0-21  -  clay 

21  gravel  -  refusal 

A4  - 

0-15' 

clay 

15'  - 

refusal 

A19 

•• 

0-18  -  clay 
18   -  refusal 

A5  - 

0-12' 

clay 

12 »  - 

refusal 

A20 

- 

0-17  -  clay 
17 '   -  refusal 

A6  - 

0-14' 

clay 

14'  - 

refusal 

A21 

— 

0-1  -  peaty  soil 
1-35-  clay 

A7  - 

0-14' 

clay 

14«  - 

refusal 

A22 

- 

0-17  -  clay 
17  -  refusal 

A8  - 

0-12' 

clay 

12'  gravel  -  refusal 

A23 

- 

0-1  peaty  soil 

1-26  -  clay 

A9  - 

0-12' 
12»  - 

clay 
refusal 

A24 

•a 

26  -  refusal  in  gravel 
0-30  -  clay 

A10- 

0-20' 

clay 

20'  refusal 

A25 

- 

0-30—  clay 

All- 

0-14' 

clay 

A26 

„ 

0-11  -  clay 

14'  - 

gravel- 

refusal 

11-12  -  gravelly  sand 
12  -  refusal 

A12- 

0-15' 

clay 

15»  - 

refusal 

A27 

- 

0-20  -  clay 
20  -  refusal 

A13- 

0-1  - 

peaty  sc 

»il 

1-2  -  brown  silty  clay 
2-10-  clay 
10»  -  refusal 

A14— 0-2  -  brown  silty  clay 
2-18-  clay 
18'  -  refusal 

A15-  0-1  -  brown  silt 
1-18-  clay 
18 »  -  refusal 


A28  -  0-15  -  clay 

15  -  gravelly  sand  - 
refusal 

A29  -  0-18  -  clay 
18  -  refusal 

A30  -  0-7  -  clay 

7  -  refusal  gravel 


(See  Platea  1  and  2  for  hole  locations  -  Al,  A2,  etc.) 
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Area  B  -  Approximately  100  acres 


Area  C  -  Approximately  50  acres 


B-l  0-2  peaty  clay 
2-16  clay 
16  refusal 

B-2  0-14  clay 

14  -  gravelly  sand  -  refusal 

B-3  0-5  clay 

5  refusal  in  gravilly  sand 

B-4  0-5  clay 

5  -  refusal  in  gravel 

B-5  0--|-  clay  with  scattered 
pebbles 
f-4-  clay 
4-5-  fine  sand 
5  -  refusal 

B-6  0-22  clay 

22  -  refusal 

B-7  0-20-clay 

20  -  refusal 

B-8  0-12  clay 

12  gravelly  sand  refusal 

B-9  0-15 «  clay 

15  refusal  in  gravel 

B-10  0-18  clay 

18 *  -  refusal 

B-ll  0-16  clay 

16'  refusal  in  gravel 

B-12  0-25  feet  clay 

B-13  0-18  clay 

18  refusal  in  coarse  sand 

B-14  0-25  clay 


C-l  -  morin  clay  pit 

Auger  hole  -  0-8  feet 

clay 
+  10-15  feet  of  clay 
exposed 

C-2  -  0-3  fine  sand 

3-4  coarse  sand 
4-35  clay 

C-3  -  0-6 ■  coarse  sand  -  hole 

caving 
too  fast  to  drill 

C-4  -  0-3  coarse  sand  -  hole 

caved 

C-5  -  0-3  coarse  sand 
3-15  clay 
15  refusal 

C-6  -  0-4  coarse  sand 
4-20  clay 
20  -  refusal 

C-7  -  0-2  sandy  loam 
2-14  clay 
14  refusal 

C-8  -  0-3  sand 
3-8  clay 
8  refusal  -  ledge 

C-9  -  0-5  coarse  sand  -  hole 

caving 
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Area  F  -  Arundel,  Maine 

Note:   Only  holes  which  bottomed  on  something  other  than 
clay  listed  here.  All  others  which  are  located  on 
Plate  2  were  in  more  than  30  to  35  feet  of  clay  and 
still  in  clay  when  hole  completed. 

F-5  0-1  loam 
1-28  clay 
28  -  refusal  -  ledge? 

F-6  0-1  loam 
1-2  silt 
2-32  clay 
32*  refusal  -  gravel 

F-7  0-1  loam 
1-33  clay 
33   refusal  -  gravel 

F-8  0-1  peaty  soil 
1-2  sandy  silt 
2-29 »  clay 
29'  refusal  -  gravel 

F-27  0-1  peaty  soil 
1-2  sandy  silt 
2-27  clay 
27 »  refusal  -  ledge? 

Areas  G  &  H  -  only  holes  which  bottomed  in  something  other  than 
clay  listed  here  -  All  others  which  are  located  on  Plate  2 
were  in  more  than  30-35  feet  of  clay  and  still  in  clay  when 
hole  completed. 

G-l  0-1  loam 

1-3  sandy  silt 

3-6  silty  clay 

6-10  brown  gravelly  sand 

10  hole  caving 

H-10  0-^3  coarse  sand 
hole  caving 

H-ll  0-4  coarse  sand 
hole  caving 
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Introduction 

Approximately  two  tons  of  marine  clay  from  Arundel, 
Maine  were  supplied  for  analysis  and  pilot  plant  testing. 

The  material  was  selected  from  two  locations  in  the 
same  deposit,  approximately  one-half  mile  apart. 

The  samples  were  designated  as  follows: 

Sample  A  -  From  the  Norman  property 

Dug  from  a  depth  of  2  to  4  feet 

Sample  B  -  From  the  Schieren  property 

Dug  from  a  depth  of  2  to  6  feet 

Preliminary  tests  on  these  samples  indicated  a  close 
similarity  in  both  forming  and  firing  characteristics.  Samples 
A  and  B  were  blended  together  for  all  subsequent  analyses  and 
tests. 

Concrete  mix  designs  and  cylinder  tests  on  the  expanded 
lightweight  aggregate  were  made  by  Pittsburgh  Testing  Laboratory, 
Buffalo,  New  York. 
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*•   ANALYSIS^  OF  RAW  MATERIALS 

The  following  analyses  were  made  to  identify  the 

chemical  and  mineralogical  constituents  present  in  the  sample 

submitted  for  evaluation. 

a).  Chemical  analysis 

b)»  X«Ray  Diffraction  analysis 

c)#   Petrographic  analysis 

d).  Differential  Thermal  analysis 

a).   Chemical  Analysis: 

Si02 . 61.0 

A1203 . 18.3 

Fe203— — — — — — —  6.6 

MgO 2.2 

CaO- 1.2 

Ti02~- — — « —  0o  69 

Na26 ■ 2*3 

K20 — — 2a8 

SO3 — .«.-— — •«««  Trace 

Carbon- — — — <— .«„  0.32 

Ig.  Loss———————  3.5 

b).  X-Ray  Dif fraction  Analysis: 

Random  pattern  -  quartz 

feldspar  (labradorite) 
muscovite 

Oriented  pattern  -  illite 

chlorite 

c)#   Petrographic  Analysis: 

quartz 

muscovite 

feldspar 

tourmaline 

sphene 

zircon 

fine  clay-like  substance 
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d).   Differential  Thermal  Analysis : 

—— — — a—— a—— a— vmmm        ■   ■    ■  tmrnmrnmntemmmmmmmamm 

Exothermic  Reactions; 

1).     Decomposition  and  oxidation  of 

organic  matter 400  to  900°F 

2).     Decomposition  of  pyrite   ......  790°F 

3).     Chlorite  Recrystallization   ...  1380°F 

Endo  thermic  Reactions ; 

1).     Quartz  transformation   1060°F 

2).     Glass  Formation 1750  to   2100°F 

Maximum  peak  height  at    ...   2000°F 

Based  on  the  above  analyses  the  following  is  a  good 
approximation  as  to  the  distribution  of  mineral  constituents  in 
the  sample  of  marine  clay  from  Arundel,  Maine. 
Major  Constituents  -  75  to  90% 
Feldspar   (labradorite)        (NaCa)(AlSi)^08 
Quartz   (free)  Si°2 

Muscovite    (mica)  KAl2(AlSi3010)(0H)2 

Minor  Constituents  -  5  to  157o 

Chlorite  hydrous   silicates  of 

magnesium,   iron,   and 
aluminum 

Illite  KAl6(AL2Si10030)(OH)6 

Trace  Constituents  -  0  to  5% 

Tourmaline  Complex  silicate  of  boron 

and  aluminum 
Sphene  CaTiO(SiO^) 

Zircon  ZrSiO^ 

Pyrite  FeS2 

Carbon  hydrocarbons 
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II.   PILOT  PLANT  TESTING 

Approximately  two  tons  of  marine  clay  consisting  of 
equal  portions  of  Samples  A  and  B  were  blended  5.n  a  pug  mill 
and  extruded  into  pellets  with  a  non-deairing  brick  machine. 

Cylindrical  shaped  pellets  were  removed  from  the 
face  of  the  die  plate  on  the  brick  machine  with  a  rotary 
wire  cutter. 

The  wire-cut  pellets  were  discharged  into  a  con- 
solidating drum  to  round  off  corners  and  eliminate  fines. 

Approximately  957<>  of  the  moisture  in  the  wet  con- 
solidated pellets  was  removed  in  a  rotary  dryer  prior  to 
firing  in  a  modified  rotary  kiln. 

The  discharge  from  the  modified  rotary  kiln,  ranging 
in  density  from  30  to  45  pounds  per  cubic  foot,  was  crushed 
and  sized  for  structural  and  masonry  concrete  tests. 

Pelletizing  and  Drying: 

Moisture  content  as  received  — — — — — ™-  5  to  12% 

Moisture  content  of  extruded  pellets  ~ 17  to  197» 

Bulk  density  of  extruded  wet  pellets 

after  consolidation  — - — 75#/ft^ 

Bulk  density  of  dry  pellets  — 72#/ft3 

Particle  distribution  of  dry  pellets  — — -  -.3/4" +4 

mesh 
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Firing : 

Bulk  density  of  kiln  feed — 72#/ft3 

Moisture  content  of  kiln  feed  ««»*>— .—« m««..»««.-.<i% 

Particle  distribution  of  kiln  feed  -•«— —  -.3/^+4  mesh 

Bulk  density  of  kiln  discharge  — — — —  30  to  45#/ft3 

Particle  distribution  of  kiln  discharge  —  —  l^-"+5/l6" 

Feed  rate «• — — — — — 400#/hr 

Shell  speed  — — — — .™-<-™.— ™—.-- .—— -- .  2.75  rpm 

Shell  inclination  —«—.——- — . — -— -~~-< — —  -|"/ft 

Stack  temperature  — — > • — — -« —  700  to  900°F 

Front  end  temperature  -«—«—™.-.— .«•«—.— —-  2100  F 

0 
Material  temperature — —- — . 2000  to  2100  F 

Kiln  atmosphere  (gas  fired) « ,™«- « 10,5  to  11.0%  C02 

Crushing  and  Sizing: 

Structural  concrete  (cylinder  test) 

Gradations  -  3/4"  to  3/8"  (50%  coated) 

3/8"  to  b   mesh  (15%  coated) 
4  mesh  to  0 

Masonr/  ocncrate  (block  teat) 

Gradation  -  5/16"  to  0 
Scree©  As&ljreis 

Screen 

8 

16 

30 

50 
100 
pan 

fineness  modulus  3.87 
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Retained 

Cumulative 

% 

% 

26.6 

26.6 

25.4 

52.0 

15.3 

67.3 

8.9 

76.2 

3.6 

79.8 

5.2 

85.0 

15.0 

III.   MIX  DESIGNS  AND  CYLINDER  TESTS 

Approximately  1800  lbs.  of  crushed  aggregate  was  shipped 

to  Pittsburgh  Testing  Laboratory  in  Buffalo,  New  York  for 

testing  according  to  the  following  schedule: 

Materials  supplied  for  evaluation: 

850  pounds  coarse  aggregate  -  3/4"  to  3/8"  (50%  coated) 

600  pounds  coarse  aggregate  -  3/8"  to  4  mesh  (15%  coated) 

390  pounds  fine  aggregate   -  4  mesh  to  0 

Sand  (from  Buffalo  area) 

1).  Structural  Concrete:  ASTM  Designation:  C330-60T 

Mix  designs  and  cylinder  tests  using  coarse 
lightweight  aggregate  and  sand  fines  from  the 
Buffalo  area. 

Complete  test  according  to  specifications  with 
exception  of  freezing  and  thawing. 

Cylinder  tests  to  90  days. 

2).   Insulating  Concrete:  ASTM  Designation:  C332-61 

Mix  designs  and  cylinder  tests  using  coarse 
lightweight  aggregate  and  lightweight  aggregate 
fines • 

Complete  test  with  exception  of  thermal  con- 
ductivity. 

Cylinder  tests  to  90  days. 

Results  of  compressive  strength  tests  for  7,  28,  60, 

and  90  days  are  given  in  the  following  section.  This  information 

was  obtained  from  studies  conducted  by  the  Pittsburgh  Testing 

Laboratory. 


33 


TEST        RESULTS 


Masonry  and  concrete  block  materails 
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IV.   MASONRY  CONCRETE  (BLOCK  TEST) 

The  expanded  lightweight  aggregate  which  remained  after 
material  was  selected  for  cylinder  tests  was  crushed  to  form  a 
block  mix. 

This  material  consisted  of  light  and  heavy  aggregate 
ranging  in  density  from  40  to  53  lbs/ft^  in  the  loose  dry 
condition. 

Approximately  1000  lbs  of  block  mix  with  an  average 
density  of  47  lbs/ft^  was  obtained  after  blending. 

An  attempt  was  made  to  formulate  a  composition 
approximating  the  ideal  gradation  given  below: 


Screen 

Experimental 

Gradation 

Ideal  Gradation 

Retained 

% 

on 

Cumulative 

% 

Retained  on 

% 

Cumulative 

% 

4 

26.6 

26.6 

2- 

20 

8 

25.4 

52*0 

26 

46 

16 

15, ,  3 

67.3 

17 

63 

30 

8.9 

76.2 

12 

75 

50 

3.6 

79„8 

9 

84 

100 
pan 

5.2 
15.0 

85.0 

7 
9 

91 

fineness  modulus 


3.87 


3.79 


Approximately  75  8"x8"xl6"  (3  hole)  light  weight  units 
were  made  in  a  commercial  block  operation.  The  blocks  were 
steam  cured  following  manufacture  and  were  stored  indoors  prior 
to  testing. 
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The  following  summarizes  the  results  of  the  lightweight 

block  test : 

Batch  Composition  -  (Ratio  aggregate  to  cfement :  9-1) 

Aggregate  ——-.«——•  1030  lbs  (dry) 

22  ft3 
47  lbs/ft*3 (loose  dry) 

Cement  — — — — —  230  lbs 

2,44  ft3 
Type  IA 

Aggregate  was  pre-wet  prior  to  introducing  cement- 
Moisture  content  not  determined. 


Yield ; 

Batch  — 65  8"x8"3cl6"  3-hole  units 

Per  cubic  yard  of 

aggregate-^ 80    "  " 


Per  ton  of  aggregate  ——126 


n  ii 


Per  cubic  foot  of 

cement  (bag)- 26.5   "  " 

Average  dry  weight 

of  Block —  20.7  lbs 

Strength  and  Absorption:   (average  of  3  units) 

Compressive  Strength-Psi     Absorption* 
7  day      28  day        lbs/ft3  % 


655  823         11.0   14.1 

*Values  for  absorption  not  indicative  of  internal 
structure  of  test  units.  Specimens  had  a  very  open  structure 
as  a  result  of  the  high  fcatio  of  coarse  particles  to  inter- 
mediate particles  in  the  block  mix.  Water  continued  to  drain 
from  the  test  specimens  for  a  period  after  removal  from  the 
soaking  tank. 
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Summary  of  Test  Data  Supplied 
by  Pittsburgh  Testing  Laboratory 
Buffalo,   No   Ya 


I.     Sieve  Analysis  of  Expanded  Lightweight  Aggregate 
Supplied  by  Alfred  Ceramic   Enterprises,    Inc. 


SIZE 

SIZE 

SIZE 

SIEVE  SIZE 

ieve 

3/4 

1  to 

3/8" 

3/8 

'  to  No.    4 
100.0% 

No.   4  to   0 

.ng:          1"  S 

100, 

,0% 

100.0% 

3/4" 

tt 

100. 

,0% 

100 o0% 

100.0% 

1/2" 

n 

61, 

4% 

100,0% 

100.0% 

3/8" 

ti 

9. 

7% 

98.9% 

100.0% 

No.    4 

n 

0 

9.3% 

98.4% 

No.    8 

tt 

•» 

0 

71e0% 

No.    16 

tt 

- 

_ 

51.7% 

No.    30 

tt 

- 

• 

38.8% 

No.    50 

tt 

• 

- 

29  o  4% 

No.    100 

tt 

- 

- 

21.7% 

37.80 


41.95 


Weight  in  lbs.   per 

cubic  foot  dry  loose  -  37.45 

Weight  in  lbs.   per 

cubic  foot  dry  rodded  -       42.70 

Specific  Gravity  -  1.30 

Absorption  in  percent  -  9.0 

II.     Sieve  Analysis  of  Natural  Sand  Used  in  Structural 
Concrete  Mix  Designs. 

Sand  Obtained  From  Pine  Hill  Concrete  Company,   Buffalo, 
New  York. 


41.60 

50.40 

1.40 

1.70 

16.0 

24.0 

SIEVE  SIZE 

Passing:  r    :"  3/8"     Sieve 

No.  4 

No.  8 

No.  16 

No.  30 

No„  50 

No.  100 

Weight  in  lbs  per 
cubic   foot  dry  loose  - 

Weight   in  lbs   per  cubic 
foot  dry  rodded  - 

Specific  Gravity 


SAMPLE 
1<5C\"0T 
97.5% 
86.2% 
69.6% 
45.7% 
20.1% 
5.6% 


111.3 

114.0 
2.66 
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Mix  No.  1 

Mix  No, 

2  Mix  No.  3 

5»50 

6,00 

7.00 

1404 

1594 

1319 

415 

477 

451 

178 

204 

194 

„75 

.75 

.75 

40.0 

41,0 

44.0 

7.27 

€.83 

6.28 

4 

3- 

3/4 

3-1/2 

8.0 

8.2 

7.8 

107.8 

108.2 

108.6 

103.7 

104.4 

105ol 

i   2575 

2755 

3635 

3570 

3750 

4460 

;  3960 

4085 

4910 

;  4255 

4420 

5120 

III.  Structural  Concrete  Mix  Designs  Using  Natural 
Sand  As  the  Fine  Aggregate. 

Quantities^  Used  in _  Laboratory  Mixes 

(Per  Cubic  Yard  ~  All  Materials  S„SoD.  Loose  Weight) 

Mix  Identification 

Cement  Content  in  Bags 

Natural  Sand  in  lbs. 

3/4"  Size  Expanded  Clay  Aggregate 

3/8"  Size  Expanded  Clay  Aggregate 

Darex  in  Ounces/Sack  of  Cement 

Total  Water  in  Gallons 

W/C  Ratio  in  Gallons/Sack 

Slump  in  Inches 

Air  Content  in  Percent 

Fresh  Weight  in  lbs/cu.ft. 

Dry  Weight  in  lbs/cu.ft.  @  60  days 

Compressive  strength  in  P. S.I. -7  days 

Compressive  strength  in  P. S.I. 28  days 

Compressive  strength  in  P. S.I. 60  days 

Compressive  strength  in  P. S.I. 90  days 

Cement  -  A.S.T.M.  C150,  Type  I 
Darex  -  Dewey  Almy  Chemical  Company 

IV.   Insulating  Concrete  Mix  Designs  Using  Expanded 
Clay  as  the  Fine  Aggregate. 

Quantities  Used  in  Laboratory  Mixes 

(Per  Cubic  Yard  -  All  Materials  S.S.D.  Loose  Weight) 

Mix  Identification  Mix  No.  4  Mix  No.  5   Mix  No.  6 

Cement  Content  in  Bags 

Fine  Aggregate  in  lbs.  (Expanded  Clay 

Aggregate) 
3/4"  Size  Expanded  Clay  Aggregate 
3/8"  Size  Expanded  Clay  Aggregate 
Darex  in  Ounces/Sack  of  Cement 
Total  Water  in  Gallons 
W/C  Ratio  in  Gallons/Sack 
Slump  in  Inches 
Air  Content  in  Percent 
Fresh  Weight  in  lbs  per  cubic  foot 
Dry  Weight  in  lbs/cubic  foot  @  60  days 
Compressive  Strength  in  P.S.I.  7  days 
Compressive  Strength  in  P. S.I. 28  days 
Compressive  Strength  in  P.SoI.60  days 
Compressive  Strength  in  P. S.I. 90  days 

Cement  - 

Darex  -  Dewey  Almy  Chemical  Company 


6.50 

7.00 

7.50 

854 

824 

796 

376 

362 

347 

160 

155 

149 

.50 

.50 

*50 

55.0 

57.0 

59.0 

8.46 

8.14 

7.86 

3 

3 

3 

7.5 

8.2 

7.2 

89.45 

89„40 

90.10 

's  84.25 

84.75 

84.90 

;  1305 

1875 

1860 

i  2035 

2990 

2460 

;   2450 

3080 

2740 

;  2950 

3210 

3060 

S.T.M.  C150, 

Type  I 
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Conclusions  and  Recommendations 

Marine  clay  from  the  vicinity  of  Arundel,  Maine  can  be 
manufactured  into  an  exceptional,  high-quality  expanded  light- 
weight aggregate  by  conventional  processing  techniques. 

Strength  values  for  structural  concrete  are  in  the 
range  of  3500  -  4500  psi  for  mixed  designs  containing  5%   to  7 
bags  of  cement. 

It  is  recommended  that  a  coated  product  having  a  bulk 
density  in  the  range  of  40  to  45  pounds  per  cubic  foot  (kiln 
discharges  -1"  +•§•")  be  manufactured  to  supply  the  structural 
and  masonry  concrete  industries, 

A  lighter  product  can  be  readily  made  and  should  be  of 
interest  in  those  areas  where  high  strength  is  not  a  design 
factor. 

The  test  results  on  the  lightweight  masonry  units  should 
not  be  considered  conclusive.   The  aggregate  available  for  this 
phase  of  the  work  was  variable  in  density  and  had  a  poor  particle 
gradation. 

It  should  be  possible,  with  this  material,  to  manufacture 
a  sound  hollow  load-bearing  unit  weighing  22  to  24  pounds  with 
an  aggregate  -  cement  ratio  of  9  to  1.   This  would  result  in 
a  yield  of  115  to  120  lightweight  units  per  ton  of  aggregate. 
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SECTION  III  -  An  Estimate  of  Construction  and  Production  Costs 
for  the  Manufacture  of  132,000  tons  of  High 
Quality  Expar.c'ed  Aggregate  Annually. 
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Introduction 

Pilot  plant  tests  have  Indicated  that  marine  clays  from  York  County, 
Maine  can  be  transformed  Into  high  quality  expanded  aggregates  suitable 
for  use  In  structural  and  masonry  concrete. 

An  operation  Is  described  In  this  report  which  will  produce  132,000 
tons  of  expanded  aggregate  annually.  This  figure  Is  based  on  330 
days  of  operation  at  the  rate  of  400  tons  per  day.  The  physical 
characteristics  of  the  product  are  summarized  as  follows? 
Kiln  Discharge:      -1"  +  £"  coated  aggregate 
Bulk  Density:       40  lbs/ft3  (1080  lbs/yd3) 
Dally  Production:    400  tons  (740  ydsJ) 
Yearly  Production:   132,000  tons  (244,000  yds  ) 
Following  a  brief  description  of  each  phase  of  the  operation, 
construction  costs  are  summarized  and  an  estimate  Is  given  on  production 
costs. 

I.  Mining 

It  would  be  necessary  to  recover  clay  from  the  pit  at  a  moisture 
level  below  15  percent.  Approximately  198,000  tons  of  clay  (15%  moisture) 
would  be  required  annually.  The  pit  would  be  operated  during  mild  weather 
and  a  stock  pile  accumulated  for  use  during  the  winter  months. 

Assuming  a  face  could  not  be  worked  effectively  because  of  the 
moisture  content  It  would  be  necessary  to  use  a  farming  technique  which 
would  allow  alreatton  and  evaporation  during  good  weather. 

This  would  be  accomplished  by  harrowing  large  areas  Inclined  at 
an  angle  of  5  to  10  degrees  and  collecting  the  dried  clay  with  a  pan 

scraper. 
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The  following  equipment  would  be  required  for  this  phase  of  the 
operation: 

1  farm  tractor 

1  farm  tractor  with  front  end  loader 

1  10  cubic  yard  pan  scraper 

1  dump  truck 

1  harrow 


Total:    $49,500.00 

1 1  *  Raw  Clay  Storage  ar.d  Handling 

Raw  clay  would  be  stockpiled  In  covered  storage  containing 
approximately  5^,000  tons  or  sufficient  raw  material  for  three  months  of 
operation. 

Stock  piling  and  recovery  to  the  raw  material  preparation  hopper 
would  be  accomplished  with  a  remote  operated  Sauerman  scraper. 

The  following  equipment  would  be  required  for  this  phase  of  the 
operation: 

1  clay  storage  building 

1  Sauerman  scraper  with  controls  for  remote  operation 

1  60  cubic  yard  feed  hopper 


Total:    $55,500.00 
III.  Clay  Preparation  and  Pel  let  I  zing 

The  raw  clay  would  be  taken  from  the  feed  hopper  with  even 
clay  feeders  and  elevated  to  disintegrating  rolls  prior  to  discharging 
Into  brick  machines  for  pelletizlng. 

Two  brick  machines  would  be  used,  each  having  a  rated  capacity 
of  75%  of  that  required  for  maximum  production.  Suitable  dies  would 
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be  supplied  to  produce  a  range  of  pellet  sizes.  The  preslzed  pellets 
would  be  transferred  to  the  drying  operation  via  a  rotary  drum  which 
would  consolidate  the  particles  and  eliminate  fines  in  subsequent 
operations. 

Automatic  feed  water  systems  would  be  used  to  control  the  moisture 
content  of  the  extruded  pellets. 

The  following  equipment  would  be  required  for  this  phase  of  the 
operation: 

2  even  clay  feeders 

2  bucket  elevators 

2  disintegrating  roll  crushers 

2  brick  machines,  complete 

2  vacuum  pumps 

1  air  compressor 

2  sets  pelletlzlng  dies 

1  rotary  pellet  consolldator 

2  sets  automatic  moisture  controls 


Total:  $8S,600o00 

,v»  Clay  Pellet  Prying 

The  extruded  pellets  would  be  dried  In  a  continuous  dryer  utilizing 
waste  heat  from  the  firing  operation,  supplemented  by  additional  heat  as 
required,  from  a  hot  air  furnace. 

Dried  pellets  would  be  transferred  via  belt  conveyor  to  a  surge  bin 
containing  200  cubic  yards  of  kiln  feed  or  approximately  10  hours  reserve 
feed. 

Dry  pellets  would  be  transferred  into  the  preheat  zone  of  the  kiln 
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via  a  belt  conveyor  and  would  be  controlled  with  a  weigh  feeder. 

This  phase  of  the  operatton  wou'd  be  Integrated  with  the  burning 
operation  and  controlled  automatically. 

The  following  equipment  would  be  required  for  this  phase  of  the 
operation: 

1  oscillating  dryer  feeder 

1  continuous  dryer  complete 

l  auxiliary  hot  air  furnace 

1  set  controls  for  dryer  and  hot  air  furnace,  complete 

I  Induced  draft  fan 

1  200  cubic  yard  storage  bin 

1  weigh  feeder  and  totalizer 

Necessary  duct  work,  air  dampers  and  draft  control  dampers 

Necessary  belt  conveyors 


Total:  $78,000.00 

V.   Burning 

Burning  would  be  accomplished  In  a  modified  rotary  kiln  containing 
an  Internal  preheat  section.  A  controlled  combustion  system  would  be 
utilized  for  close  atmospheric  control  and  efficiency.  A  variable 
speed  coupling  would  be  supplied  with  the  main  drive  mechanism  to 
provide  a  range  of  shell  speed  from  0  to  5  R.P.M. 

The  following  equipment  would  be  required  for  this  phase 
of  the  operation: 

1  dust  collector  with  dust  valve 

1  dust  chamber 

1  rotary  kiln  complete  with  firing  hood,  seals, 
Internal  preheater  and  drive 
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1  kiln  control  panel  with  set  of  kiln  controls, 
complete 

I  set  of  refractories,  Installed 

I  set  oil  pumping  and  preheating  equipment 

I  set  air  valves  and  kiln  burners  with  air 
compressors,  complete 


Total:   $193,000,00 

VI.  Cooling. 

The  temperature  of  the  expanded  aggregate  would  be  reduced  In  a 
recuperative  cooler  only  to  the  extent  of  removing  enough  air  at  900  F 
to  supply  primary  air  to  the  burners  for  combustion.  No  secondary  air 
would  be  admitted  to  the  kiln. 

An  apron  conveyor  would  remove  the  expanded  aggregate  from  the 
cooler  and  discharge  Into  a  pit  for  pickup  by  a  Sauerman  scraper. 

The  following  equipment  would  be  required  for  this  phase  of  the 

operation: 

1  cooler  complete  with  necessary  fans,  ducts 
pipes,  motors  and  starters 

1  apron  conveyor 


Total:  $47,500.00 

VII.  Clinker  Storage 

Clinker  would  be  removed  from  the  discharge  pit  with  a  Sauerman 
scraper  and  transported  to  a  stockpile.  The  Sauerman  scraper  would  be 
operated  from  a  remote  control  station  on  the  burner  floor. 

Clinker  would  be  removed  from  the  stockpile  via  a  belt  conveyor 
system  and  delivered  to  the  crushing  operation. 


45 


The  following  equipment  would  be  required  for  this  phase  of  the 
operation: 

1  Sauerman  scraper  with  controls  for  remote 
operation 

2  vibratory  feeders 
1  belt  conveyor 


Total:    $22,500.00 

VIII.  Crushing  and  S?z?nq 

Clinker  from  the  storage  pile  would  be  transported  over  a  three 
deck  screen  followed  by  an  Impact  type  crusher.  Recirculation  would 
be  provided  to  control  the  volume  of  sizes  produced. 

Crushed  clinker  would  be  stored  In  a  four  compartment  bin 
prior  to  shipment. 

The  following  equipment  would  be  required  for  this  phase  of 
the  operation: 

1  3-deck  vibratory  screen 

1  Impact  crusher 

1  bucket  elevator 

1  4-compartment  storage  bin 


Total:    $52,000.00 

IX.  Buildings 

1  material  preparation  building 
1  burner  building 
1  crusher  building 
'  1  office  building 
1  shop,  garage,  and  storage  building 


Total:    $45,000.00 
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X.  Ml  seel laneous 

Erection  $   75,OOOeOO 

Electrical  25,000.00 

Plumbing  and  Heating  6,000.00 

Kiln  Setting  5,000.00 

Concrete  12,000.00 

Freight  108000,00 

Laboratory  Equipment  1,500.00 

Office  Equipment  3,000o00 

Shop  Equipment  4,000*00 

Pickup  Truck  2,2Q0.00 

Car  3,300.00 

Preliminary  Design  6        20,000.00 

Planning  $167,600,U0"" 

X I .  Summary  of  Construction  Costs* 

I.     Mining  $  49,500.00 

55,500.00 

86,600.00 

78,000.00 

198,000.00 

47,500.00 

22,500.00 

52,000.00 

45,000.00 

167.000,00 
$801 ,600 4 00 

*Note:  Figures  have  not  been  Included  In  this  section  for  land  or 
land  development  cost, 
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II. 

Raw  Clay  Storage  & 
Handl ing 

III. 

Clay  Preparation  & 
Pelletlzlng 

IV. 

Clay  Pellet  Drying 

v. 

Burning 

VI. 

Cool  I ng 

VII. 

Cl Inker  Storage 

VIM. 

Crushing  &  Sizing 

IX. 

Buildings 

X. 

MIscel laneous 

Estimate  of  Production  Costs 

I .   Personnel 

1).  Managerial: 

General  Manager  $15,000.00  per  year 

Plant  Engineer  12,000.00  per  year 

Plant  Foreman  9,000.00  per  year 

Salesman  9,000.00  per  year 

Office  Manager  7»000.00  per  year 

Shipping  Clerk       J?^2PJh£Si-££LJ£2L 
Total:     $57, 200. 00* per  "year 

Cost  per  ton  of  production    $  ,*t33 

2).  Production: 

a.  Clay  mining  and  storage  (8  hr.  operation) 
2  men  -  40  hrs.  per  week  (S>  $2.50  per  hour 
41 60  hours  per  year 


Total:     $10,400.00  per  year 
Cost  per  ton  of  production    $  .,079 

b.  Raw  material  preparation,  pclletlzlng  and 
drying  (24  hour  operation) 

4  men  -  one,  48  hours  per  week  <5>  $2.50  per  hour 
three,  40  hours  per  week  <S)  $2.50  per  hour 
8736  hours  per  year 

Total:     $21,840.00  per  year 
Cost  per  ton  of  production    $  .165 
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c«     Burnf_ng^_Coplfj\ci  and  Stockp.fi  I  nqi 

(2k   hour  operation) 

k  men  -  one,  **8  hours  per  week  @  $2«50  per  hour 
three,  **0  hours  per  week  @>  $2.50  per  hour 

9568  hours  per  year 

Total :     $23  'JS&oTod  per  year 

Cost  per  ton  of  production  $ .1Gl_ 

d«  Crushing  and  loading  (8  hour  operation) 

1  man  -  kO   hours  per  week  @  $2,50  per  hour 

2080  hours  per  year 


Total:     $  5,200.00  per  year 


Cost  per  ton  of  produc- 

tIon  $  .039 


3).  Maintenance 

1  Electrician 

1  Mechanic 

1  Helper 

3  men  -  **0  hours  per  week  (?)  $2.50  per  hour 

6240  hours  per  year 

Total:     $15,600.00  per  year 
Cost  per  ton  of  production    $  .1 18 
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4).     Sunwwar^ 


Number 

of 

Annual 

Cost 

Per  Ton 

Employ* 

2es 

-£§YJ^1 

of  Production 

6 

$57, 200 r 00 

$ 

.^33 

2 

10,400.00 

.079 

k 

21340,00 

.165 

4 

21 ,8^0.00 

.165 

1 

5,200,00 

.039 

^ 

15.600.00 

.118 

20 

$136,240.00 

$ 

1.03 

Managerial 
Production 

a.  Mining 

b.  Pel  let  I  zing 

c.  Burning 

d.  Crushing 
Maintenance 


II.  Fuel  (No.  6  fuel  oil) 

Assuming  the  moisture  content  of  the  dryer  feed  Is  18  percent, 

It  will  be  necessary  to  remove  a  maximum  of  8400  pounds  of  water  per 

hour. 

This  will  require  a  total  heat  Input  to  the  dryer  of  12,600,000 

BTU/hour.  Approximately  one-half  the  heat  required  will  be  available 

form  the  exhause  gases  from  the  burning  operation 

The  heat  requirements  for  the  operation  will  be: 

Drying  6,300,000  BTU/hour 

Burning         31 ,000,000  BTU/hour 

Total  37,300,000  BTU/hour 

or  16.0  gallons  per  ton  of  production.  Assuming  a  delivered 
f 
price  of  $.065  for  No.  6  fuel  oil: 
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Cost  per  ton  of  production      $1.0 


III*  Electric  Power 

Annual  power  consumption  for  this  operation  has  been 
estimated  in  the  range  of  $42,000,00 

Cost  per  ton  of  production      $  .32 

IV.  Depreciation 

Plant  Equipment  (useful  life  15  years) 

$738,100.00  — $49,200.00  per  year 

Mining  Equipment  (useful  life  5  years) 

$49,500.00  ————————  $  9,900.00  per  year 

Office,  Laboratory,  Shop  Equipment  (useful  life  2  years) 
$14,000.00  —————  $  7,000.00  per  year 


Total:         $66,100.00  per  year 
Cost  per  ton  of  production      $  .50 

V.  Repairs  to  Equipment 

Estimated  repairs  are  based  on  allowing  50  percent  of 
total  Investment  to  be  expended  for  repairs  during  the  useful 
life. 

Plant  Equipment  (useful  life  15  years) 
50%  of  $738,100  -  $369,050.00 

$  24,600.00  per  year 
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Mining  Equipment  (useful  life  5  years) 

5C%  of  $49,500,00  -  $  2*+,  750, 00 

$  4,953<00  per  year 

Office,  Laboratory,  Shop  Equipment 
(useful  life  2  years) 

50%  of  $  14,000,00  $  7,000.00 

$  3,500.00  per  year 


Total : 

Cost  per  ton  of 
Production 


$  33 » 050*00  per  year 
$ .25 


VI.   Payroll  Taxes,  Unemployment  and  Disability  Insurances 

F.I.C.A.  .03625  per  $1.00  of  payroll 


Unemployment 
Insurances 

Disability 
Insurance 


.02700  per  $1.00  of  payroll 
.01980  per  $1„00  of  payroll 


Total       .08305 

Total  Cost  per  year    $1 1 ,308o00 


Cost  per  ton  of 
Production 


1 


.08£ 


V 1 1 ; .   Interest 


Total  capital  Investment 

Rate  of  6%  per  year 

Cost  per  ton  of 
Production 


$801,600.00 
48, 096o 00 


i 


.364 
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VIII.  Suppl  I  es  .and,  Ma  I  ntenance   (Qperatjjfl.  ftps  ts ) 
Estimated  at  $20,000o00  per  year 

Cost  per  ton  of  production  $     «,  1 5 1 

IX.  Insurance  $801,600o00 

Value  of  Insurable  property 

Rate  of  .635  per  hundred 

Annual  premium  5090.00 

Cost  per   ton  of  production  $  .039 

X.  Association  J)  ue_s 

Membership  in  the  Expanded  Shale  Clay  and  Slate 

Institute 

Cost  per  ton  of  production  $   .03 

X I •  Cost  and  Development  of  Property 

Assume  Cost  and  Development  of  property  will  cost  $60,000 
400  acres  of  land  @  $100,, 00  per  acre  *   $40,000 
Estimated  cost  of  development  20,000 

Assume  that  this  will  be  written  off  over  a 
period  of  15  years,  which  Is  the  useful 
life  of  the  major  plant  equipment 

Cost  per  ton  of  production  $   .03 

XII.  Taxes 

Taxes  estimated  at  $2400.00  per  year 

Cost  per  ton  of  production  $  .018 
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Sj.ffjimary_._pf.  Estimated  Cos t s 
Per  Ton  of  Production 


400  tons/day 
330  days 
11  months 

350  tons/day 
300  days 
10  months 

121 

,000  tons/vr. 

105,000  tons/yr. 

1. 

Personnel 

1.00 

$1.26 

II. 

Fuel 

1.04 

1.04 

III. 

Electric 

.32 

.364 

IV. 

Depreciation 

.50 

.63 

v. 

Repairs  to  Equipment 

.25 

.315 

VI. 

Payroll  Taxes,  Unemployment, 
Disability  Insurances 

and 

.085 

.108 

VII. 

Interest 

.37 

.458 

VIM. 

Supplies  6-  Maintenance 

.15 

.19 

IX. 

Insurance 

.039 

.049 

X. 

Association  Oues 

.03 

.03 

XI. 

Cost  &  Development  of  Proper 

ty 

.03 

.038 

XII. 

Taxes 

Total : 

.018 
3T83~ 

.023 

4.50 

Martin  T,  Curran 
President 
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SECTION  IV  •  Economic  Feasibility  of  Lightweight  Aggregate  Operation 
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ECONOMIC  FEASIBILITY  OF  A  LIGHTWEIGHT  AGGREGATE  OPERATION  !N  THE 
BIDDEFORO-SANrORD  REDEVELOPMENT  AREA.  YORK  COUNTY.  MAJNE 

Scope  of _  the  I nyes  t 1  gat  I on 

This  Investigation  of  the  market  feasibility  for  a  lightweight 
aggregate  operation  In  the  Blddeford~Sanford  Redevelopment  Area,  York 
County,  Maine,  Is  based  upon  contact  and  discussion  of  the  subject 
with  organizations  that  might  be  Interested  In  such  a  development  as 
potential  customers  or  because  of  associated  activities.  The  following 
Is  a  classification  of  the  organizations  contacted: 

1.  Producers  of  -  Concrete  brick  and  block 

General  Concrete  items 

Precast  and  prestressed  concrete 

Ready-mix 

Cement 

2.  Commodity  transportation  companies 

3.  Architects 

4.  The  Portland  Cement  Association 

The  following  geographical  area  was  covered  In  making  the  contacts: 

Maine  -  except  the  most  northern  portion  - 
Southern  and  eastern  New  Hampshire  - 
Eastern  Massachusetts,  north  of  Boston  - 

Figure  1  shows  the  geographical  distribution  of  the  potential  users 
of  lightweight  aggregates  In  these  areas.  Supplement  I  lists  all  the 
contacts  except  the  architectural  firms. 

Only  lightweight  aggregates,  prepared  by  expanding  the  marine  clays 
of  the  BJddeford-Sanford  area  by  calcination  or  sintering,  were  considered 
as  the  basis  for  the  Investigation.  D.  W.  Caldwell,  Jn  his  work  for  this 
project  on  raw  material  resources,  designated  one  of  the  potentially 
useful  deposits  as  Arundel,  This  was  selected  tentatively  as  the 
reference  point  for  location  of  the  operation. 

Aggregates,  prepared  by  size  processing  natural  lightweight  rock, 
as  pumice  and  dlatomlte,  and  manufactured  aggregates,  made  by  heat 
treatment  of  perllte  and  vermicullte,  were  not  considered  part  of  the 
Investigation.  The  uses  for  these  two  classes  of  aggregates  are 
different  from  those  for  which  the  product  made  from  marine  clays  would 
be  marketed  and,  therefore,  are  not  competitive.  Lightweight  aggregates 
made  by  the  heat  treatment  of  siag,  shale,  and  slate  are  used  In  many 
applications  where  the  marine  clay  aggregates  might  be  used  and 
consequently  must  be  considered  as  competitive.  For  the  same  reason, 
by-product  lightweight  aggregates,  derived  from  the  combustion  of  coal 
or  coke,  as  cinders,  received  consideration. 
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Present  Use  of  Lightweight  Aggregates 


The  present  use  pattern  for  lightweight  aggregates  Is  different 
In  the  Maine  -  New  Hampshire  areas  from  that  in  northeastern 
Massachusetts.   In  tr.e  former,  Nor'ilte  and  Lelite  are  the  major 
lightweight  aggregates  presently  being  used  and  little  Massllte  Is 
used.   In  the  Massachusetts  area  the  product  used  Is  essentially 
Massllte.  Some  cinders  are  used  In  a! J  areas „ 

NOR LITE  Is  an  expanded  sha^e  produced  by  Northern 
Lightweight  Aggregate,  inc..  at  a  plant  In  Cchoes,  New 
York,  by  a  rotary  furnace  process 

LEUTE^  Is  an  expanded  shale  produced  by  the  Lehigh 
Minerals  Company,  In  a  sintering  operation  using  the 
waste  piles  from  coal  operations  In  the  vicinity  of 
Tamaqua,  Pennsylvania 

MASSLJTE_  Is  an  expanded  shale  produced  by  Massllte, 
Inc.,  In  a  sintering  plant  at  Pialnville,  Massachusetts. 

Cinders  are  of  local  origin,  which  the  user  generally  trans- 
ports In  his  own  trucks.  The  Increasing  difficulty  of  obtaining 
cinders  is  generally  recognized. 

From  a  performance  viewpoint,  Norllte  Is  rated  as  best  by  a 
significant  margin.  This  is  particularly  true  In  the  case  of  the 
block  manufacturers,  who  place  particular  emphasis  on  strength. 
Massllte  and  Lesite  are  considered  about  equal  Ir,  performance. 
There  Is  considerable  dissatisfaction  with  the  performance  of 
cinders  because  of  "pops"  and  staining,  and  their  use  Is  limited 
to  situations  where  price,  coupled  with  lightness  are  the  deciding 
factors. 

Because  of  discounts,  It  Is  difficult  to  designate  exact  prices 
for  the  lightweight  aggregates  In  use„  The  following  may  be  accepted 
as  representative  ranges  per  ton. 

Norllte  $5.75  -  $60?5,  F.O.B.  Cohoes,  N.  Y. 

Massllte  5*50  -  5.75,  F60.6.  Pialnville,  Mass. 

Lellte  *+„25  -  ^.50,  F.CvB.  Tamaqua,  Penna. 

Cinders  1,25  -  1*50,  F.0.Br  plant. 

Massllte  had  been  listed  until  recently  at  $6.50  per  ton  and 
now  has  dropped  In  price.   In  some  cases  the  drop  Is  quoted  as  $1.00 
per  ton  and  In  others  at  $.70  per  ton.  The  additional  factor  that  Is 
making  Massllte  so  attractive  In  the  Boston  area  Is  low  transportation 
costs.  For  example,  the  charge  from  Pialnville  to  Gardner,  Mass.  Is 
$U50  per  ton  and  delivery  Is  made  frequently  In  Massllte's  trucks. 
The  delivered  cost  for  Massllte  Just  north  of  Boston  Is  between  $7.00 
and  $8.00  per  ton. 
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The  transportation  cost  for  Norllte  Into  the  Portland  area  Is 
of  the  order  of  $*f<.20  to  $5*00  per  ton,  and  for  Lellte  is  about  the 
same.  Of  course,  this  figure  again  !s  variable  depending  on  whether 
the  entire  trip  Is  by  rail  or  a  truck  transfer  Is  Involved.  A  truck 
transfer  at  a  railhead  adds  about  $1.00  per  ton  to  the  transportation 
cost.  Because  of  extra  transportation  costs,  the  delivered  price 
for  Norllte  just  north  of  Boston  Is  about  $3.00  per  ton  more  than  for 
Mass lite. 

A  new  lightweight  aggregate  operation  Is  being  established  at 
Castleton,  Vermont,  near  Lake  George.   It  Is  understood  that  by-product 
slate  will  be  raw  mineral  resource,  and  the  operation  Is  based  upon  a 
rotary  kiln.  No  product  Is  as  yet  commercially  available. 

Table  No.  1  lists  the  approximate  transportation  distances  for  some 
of  the  lightweight  aggregates  previously  d'scussed  to  the  major 
consumption  points  In  the  areas  under  discussion.  The  figures  are  based 
upon  road  mileages  rather  than  railroad  mileages.   Inasmuch  as  Tamaqua, 
Penna.,  Is  at  a  distinct  disadvantage  geographically,  It  was  not 
Included  In  Table  1 . 
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TABLE   1 


Approximate 

Transportation  Distances 

In  Miles 

CONSUMING  CENTERS 

PRODUCING  POINTS 

Arundel , 

Cohoes , 

PI 

alnvll le, 

Cast let on, 

Maine 

New  York 

Mass, 

Vermont 

TO 

TO 

TO 

TO 

Route  128,  Mass, 

70 

160 

50 

160 

(North  Side) 

Gardner,  Mass. 

105 

115 

70 

130 

Manchester,  N.  H. 

70 

150 

90 

130 

Portland,  Maine 

25 

230 

]k0 

190 

Bangor,  Maine 

155 

350 

260 

300 
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Except  for  those  who  are  In  or  close  to  metropolitan  Boston, 
the  ready-mix  operators  presently  use  m!nor  quantities  of  lightweight 
aggregate  and  on  an  Irregular  schedule,  depending  upon  architect 
specifications.  Those  who  supply  metropolitan  Boston  with  ready-mix 
use  a  large  quantity  of  lightweight  aggregate  of  al !  types.   it  was 
reported  that  Boston  Sand  and  Gravel  uses  close  to  100,000  tons  per 
year  of  lightweight  aggregates  of  all  types,  and  of  this  quantity 
about  25,000  tons  Is  of  the  type  that  m«ght  come  from  a  Maine 
operation. 

A  recent  yearly  block  production  In  the  Boston  area  has  been 
over  2k  million.  The  four  Massachusetts  organizations  north  of 
Boston,  contacted  In  connection  with  this  investigation,  have  a 
yearly  block  production  of  about  6  million  and  about  50%  of  this 
Is  lightweight  Including  some  cinder  and  pumice.  Tneir  use  of 
lightweight  aggregate,  of  the  type  that  might  be  supplied  from  a 
Maine  operation  Is  about  20,000  tons  per  year,  now  mostly  Massllte. 

Because  of  the  Irregular  pattern  of  the  Norllte  and  Lellte 
aggregate  consumption  among  the  block,  prestcessed  and  precast 
concrete  producers  In  Maine  and  New  Hampshire,  It  Is  difficult  to 
arrive  at  an  exact  figure  for  the  present  yearly  consumption  of 
these  materials  In  the  area.  An  estimate  based  on  conversation 
with  the  different  individuals  Indicates  that  the  total  might  be 
of  the  order  of  8,000  tons  per  year.  One  of  the  major  block  pro- 
ducers In  the  area  Indicated  that  he  alcn^  could  use  up  to  8,000 
tons  per  year  of  the  aggregate  if  the  price  pattern  were  improved. 
This  organization  is  now  using  considerable  Norlite. 

In  summary,  the  consumption  of  lightweight  aggregate  In  Maine 
and  New  Hampshire  is  mostly  by  the  block  manufacturers  with 
a  growing  Interest  In  such  materials  from  the  precast  and  prestressed 
concrete  producers. 

In  New  Hampshire,  there  are  eight  highway  bridges  which  have 
used  prestressed  and  lightweight  concrete;  In  Maine,  there  has  been 
only  one  such  bridge.  Conversation  with  the  Maine  Highway  Department 
has  not  revealed  any  opposition  to  such  construction  -  mainly  a 
concern  about  the  lack  of  experience  with  the  performance  of  such 
construction  In  Maine,  and  insufficient  data  on  the  saving  that  might 
result  with  such  construction  If  backed  by  a  supply  for  the  lightweight 
aggregate  within  the  state. 

Supplement  II  lists  nine  architectural  firms  contacted  In 
connection  with  this  project.  Some  of  the  organizations  are  active 
on  Industrial  and  school  construction.  All  are  favorable  to  the  use 
of  lightweight  concrete  made  with  expanded  clay  or  shale  aggregate. 
Where  the  aggregate  has  been  specified  It  has  usually  been  Norllte. 
They  foresee  a  continuing  Increase  In  the  use  of  lightweight  concrete, 
whether  as  block, or  In  other  forms,  particularly  If  the  price  spread 
between  conventional  and  lightweight  concrete  Is  narrowed.  One  of 
the  firms  complained  about  the  Inability  to  obtain  suitable  lightweight 
aggregate  in  Bangor.  Two  of  the  firms  have  had  very  unsatisfactory 
experiences  with  cinder. 
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Market  Estimates 

Lightiveiqht  Block 

Based  upon  figures  obtained  from  the  block  producers  and  subsequently 
checked  against  gross  cement  consumption  figures,  the  yearly  production 
of  block  In  the  Maine  and  New  Hampshire  area  Is  about  lo£  million. 
Close  to  70%  of  this  total  Is  produced  In  the  area  covering  Portland 
and  vicinity,  the  rest  of  southern  Mdlne,  and  southeastern  New 
Hampshire,  nameiy  the  area  In  closest  proximity  to  an  operation  at 
Arundel.  About  30%  of  the  10^  million  Is  produced  In  the  Maine  area 
north  of  Portland,  Block  producers  vary  widely,  In  their  estimates 
on  how  much  of  their  production  might  become  lightweight  if  a  better 
price  structure  for  the  aggregate  could  be  developed^  Some  offered 
figures  as  low  as  25%,  while  others  went  as  high  as  60%,  As  previously 
noted,  for  northeastern  Massachusetts  the  lightweight  block  production 
Is  close  to  50%  of  the  total,  but  this  figure  includes  some  cinder 
and  pumice.  Based  upon  the  Massachusetts  findings  and  contacts  with 
the  block  producers,  it  may  be  assumed  that  close  to  35%  of  the  block 
production  In  the  Maine  and  New  Hampshire  area  might  go  to  lightweight 
If  a  suitable  aggregate  were  produced  within  the  area.  Such  an  aggregate 
should  be  comparable  to  Noriite  In  performance,  but  be  available  at  a 
lower  delivered  price. 

In  the  Massachusetts  area  north  of  Boston,  quality  of  the  product. 
In  addition  to  price,  and  transportation  costs  will  have  a  distinct 
hearing  on  how  much  of  this  market  can  be  captured.  There  Is  an 
Interest  In  the  Massachusetts  area  In  an  aggregate  approaching  Norllte 
In  performance,  even  at  a  moderate  Increase  In  delivered  cost  over 
Mass  lite.  The  present  $3,00  per  ton  differential  in  delivered  cost 
of  the  two  aggregates  Is  too  much  to  be  offset  entirely  by  performance 
differences.  The  attitude  In  northeastern  Massachusetts  toward  a 
production  facility  In  southern  Maine  is  most  encouraging.   If  half 
of  the  present  Massachusetts  requirements  were  captured  by  the  Maine 
operation,  this  would  add  about  another  10,000  tons  to  the  Maine- 
New  Hampshire  total.   In  summary,  based  upon  the  previous  figures 
and  assumptions,  the  market  for  expanded  clay  aggregates  from  a  Maine 
operation,  In  lightweight  block  production  for  the  area  covered,  may 
be  estimated  as  follows: 

Estimated  Yearly 
Aggregate  Use 


Maine  -  north  of  Portland  (1.1  million  block)  9,000  tons  * 
Southern  Maine  and  New  Hampshire  (2.6  million 

block)  22,000  tons 

Northeastern  Massachusetts  10.000  tons 

Total  41,000  tons 

*120  blocks  (8M  x  8"  x  16")  per  ton  lightweight  aggregate 
(40-60  lbs.  per  Ft*) 
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Ready-Mix 

The  yearly  cement  consumption  In  Maine  and  New  Hampshire  is  about 
1,5  million  barrels  and  60%  of  this  Is  reported  to  go  through  ready-mix 
suppliers.  Very  llttHe  of  the  present  ready-rri'x  production,  considerably 
less  than  5%»  Is  lightweight  concrete,  EstJmc-tes  as  to  what  this 
percentage  might  become,  If  there  were  a  source  for  the  lightweight 
aggregate  within  the  area>  again  vary  widely.   In  one  cate,.  It  was  as 
high  as  25%  A  figure  of  10%  of  the  total  ready-mix  production  Is 
about  In  line  with  most  estimates.  This  percentage  figure  may  become 
higher  In  the  more  populated  areas  as  Portland,  where  mult  I -story 
construction  Is  on  the  Increase,  and  be  lower  In  the  more  rural 
locations;  also  In  certain  types  of  construction,  as  housing 
developments,  the  percent  of  lightweight  concrete  usage  could  run 
between  15%  and  ?0%,   !f  10%  of  the  total  yearly  ready -mix  consumption 
In  Maine  and  New  Hampshire  were  to  go  Into  lightweight  concrete,  this 
use  would  account  for  90,000  barrels  or  close  to  17,000  tons  of  cement. 
The  geographical  distribution  of  the  ready-mix  productfon  Is  quite 
evenly  divided  between  the  two  areas,  (1)  Maine  north  of  Portland, 
and  (2)  Southern  Maine  and  southeastern  New  Hampshire, 

The  Portland  Cement  Association,  In  a  bulletin  entitled,  "Struc- 
tural Lightweight  Concrete",  suggests  a  mix  for  a  lightweight  concrete 
with  a  strength  of  4,000  psl.  at  28  days,  In  which  the  total  weight 
of  fine  and  coarse  lightweight  aggregate  Is  about  three  times  that 
of  the  cement.  On   this  basis,  the  lightweight  aggregate  requirements 
for  17,000  tons  of  cement  couKi  be  about  50,000  tons  a  year.  To  what 
extent  this  Maine  and  New  Hampshire  market  for  lightweight  aggregate 
can  be  developed  Is  greatly  dependent  upon  the  architects.  Their 
reaction  to  a  lightweight  operation  In  Maine  has  been  favorable. 

In  the  Boston  area,  the  present  use  In  ready-mix  of  lightweight 
aggregate  of  the  type  that  might  be  supplied  from  Ma!ne  Is  large. 
One  organization's  requirements  Is  reported  to  be  In  the  range  of 
25,000  tons  a  year. 


Estimated  Yearly 
Aggregate  Use 

Maine  -  north  of  Portland  25,000  tons 

Southern  Maine  &  New  Hampshire  25,000  tons 

Boston  10,000  tons 

60,000  tons 

Based  on  the  previous  figures  and  assumptions,  the  estimates 
on  the  use  of  a  lightweight  aggregate  from  a  Maine  operation  may  be 
broken  down  as  shown  above. 
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Transportation  Costs 

As  previously  Indicated  transportation  costs  to  the  consuming 
areas  constitute  a  critical  Item  in  the  successful  operation  of  a 
lightweight  aggregate  facility  at  Arundel.  These  facts  on  trans- 
portation costs  have  been  previously  indicated  in  this  report. 

To  bring  Norltte  Into  southern  Maine  costs  $4.20  - 
$5*00  per  ton. 

Massllte  Is  delivered  just  north  of  Boston  for 
$1.50  per  ton. 

Little  lightweight  aggregate  Is  used  In  the  Bangor 
area,  mainly  because  of  transportation  costs. 

The  transportation  of  the  product  from  the  plant  site  to  the 
consuming  areas  will  have  to  be  by  truck  or  a  combination  of  truck 
and  railroad.  The  two  consuming  areas  whose  size  will  be  particularly 
sensitive  to  transportation  costs  are 

1 «  Bangor  and  adj  acent  areas . 

2.  Boston  and  northeastern  Massachusetts. 

In  the  case  of  Bangor,  any  significant  increase  in  delivered 
cost  of  the  product,  because  of  high  transportation  costs,  will  keep 
down  market  development.   In  the  Boston  and  Massachusetts  area,  a 
competitive  situation  must  be  met. 

Arundel  to  Bangor  Haul 

For  truck  transportation  from  Arundel  to  Bangor  a  figure  of 
$4,00  per  ton  has  been  indicated.  This  figure  fs  rather  high  because 
there  Is  so  little  probability  of  picking  up  return  loads  at  Bangor 
to  defray  part  of  the  trucking  costs  on  the  aggregate. 

For  railroad  transportation  from  Portland  to  various  points  to 
the  north  the  following  figures  on  a  ton  basis  for  a  60  ton  minimum 
load  are  presented  as  Indicative: 

Ellsworth  $1.90  per  ton 

Bangor  and  Veazie  $1.80  per  ton 

Watervllle  $1.60  per  ten 

Belgrade  $1.50  per  ton 

Lewiston  and  Auburn  $1.20  per  ton 

These  rates  are  designated  for  loads  from  Portland  rather  than 
Arundel  because  only  one  railroad  Is  Involved,  For  a  direct  haul 
from  Arundel,  which  involves  two  railroads,  these  figures  could  be 
Increased  by  at  least  a  dollar  a  ton.   In  many  cases,  additional 
haulage  costs  from  the  rail  head  to  the  customers  plant  may  be 
Involved. 
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Arundel  to  Boston  Haul 


In  this  case  a  figure  of  about  $2.00  per  ton  has  been  Indicated 
for  a  trucking  cost,  but  this  figure  might  be  reduced  because  of  the 
better  possibility  of  obtaining  return  loads  from  the  Boston  area  into 
Maine. 

Railroad  transportation  will  work  to  advantage  for  those  operations 
which  have  their  own  siding,  as  in  the  case  of  Doston  Sand  and  Gravel  Co. 
If  the  cost  of  transporting  gravel  from  New  Hampshire  to  their  operation 
Is  taken  as  Indicative,  then  aggregate  from  Arundel  might  be  transported 
for  the  following  figures:; 

600  tons  (10  cars)  -  $1.00  per  ton 
60  tons  (oae  car)  -  $1.47  per  ton 

Distribution  in  Southern  Maine  and  New  Hampshire 

The  transportation  of  the  product  In  this  section  will  probably 
be  mostly  by  truck.  Some  of  the  potential  users  have  Indicated  that 
they  would  use  their  own  trucks  for  hauling  the  product.  Since  there 
Is  little  likelihood  of  any  return  payload,  the  lightweight  aggregate 
will  have  to  bear  the  entire  transportation  cost.  Thus,  for  a  50  mile 
run  the  transportation  cost  might  be  about  $lc25  per  ton.   If  the 
unloading  situation  is  such  as  to  be  time  consuming  this  figure  for 
the  fifty  mile  run  may  be  as  much  as  $1.50  per  ton. 

Delivered  Costs 


Transportation  costs  have  a  distinct  Impact  on  the  delivered  cost 
of  the  aggregate  and  Table  2  indicates  the  advantageous  position  of  an 
Arundel  operation  with  respect  to  the  New  England  consuming  area  north 
of  Boston  and  Boston.  The  transportation  cost  approximations  In  the 
table  are  based  upon  the  distances  In  Table  1,  and  the  previously 
discussed  haulage  cost  figures. 

Table  2 

Approximate  Delivered  Costs  per  Ton 


Product  From 


Arundel 
Maine 


Cohoes 
New  York 


F.O.B.  PRICE 


$  6.00^") 


6.00 


Plalnviile 

Mass. 


5.50 


Castleton 
Vermont 


6.000) 


Del ivery  Points 

Route  128  Mass.   7o00R 
(North  Side) 
Manchester,  N.  H.  7.80T 

Portland,  Maine     6.70T 


(2) 


10.00R 

9.80T 

10.80R 

12.60R 


Bangor,  Maine 8C8CR 

(1)  Assumed  prices  (2)  R-RaJl ,  T -Truck 
(3)  No  transfer  charges  included 


7.00T*2*  10.00T 
8.30T       9.30T 

8.50T&R*3)  10.80T 

10.30T&R  12C60T&R 
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Summary 

The  figures  and  assumptions  made  In  this  report  are  based  upon 
Information  obtained  by  direct  contact  with  potential  users  of  clay- 
expanded  aggregate  and  associated  organizations,  who  might  have  an 
Interest  In  such  a  development  In  Maine,  For  Maine,  New  Hampshire, 
and  northeastern  Massachusetts,  the  following  yearly  market  estimates 
have  been  developed. 

Area  Uses_ 

Lightweight  Ready-Mix 

Block  _-«____ 

Maine,  north  of  Portland  9S000  tons  25,000 

Southern  Maine  &  New  Hampshire  22,000  tons  25,000 

Northeastern  Massachusetts  10,000  tons  10,000  _ 

Total  M9000  tons  60,000 

The  ready-mix  figure  for  northeastern  Massachusetts  In  the  above 
tabulation  Is  essentially  for  Boston  and  Is  very  general  and  considered 
conservative*   It  seems  that  a  transportation  program  might  be  worked 
out,  which  will  permit  placing  Maine  lightweight  aggregate  In  metropol ttan 
Boston  at  a  competitive  and  economical  transportation  cost. 

Other  requirements  which  the  Maine  product  must  meet  are 

1,  Equal  Norllte  In  performance 

2.  Sell  close  to  the  price  range  of  Massllte,  namely 
$5,50  per  ton. 

It  may  be  difficult  to  develop  a  transportation  cost  schedule  for 
the  area  In  Maine  north  of  Portland,  which  will  encourage  a  rapid  market 
growth  In  this  part  of  the  total  market  area0 

The  sales  activities  of  the  present  lightweight  aggregate  producers 
tn  the  areas  discussed  are  quite  effective.  To  capture  an  appreciable 
share  of  the  market  for  a  lightweight  aggregate  produced  In  Maine  will 
require  an  equally  active  and  continuous  sales  effort. 

For  a  market  with  about  100,000  tons  a  year  potential,  a  plant 
with  300  tons  a  day  production  Is  required. 

Considerable  Interest  Is  developing  on  the  part  of  block  and  brick 
producers  In  a  lightweight  brick.  Such  a  product  will  require  a  special, 
fine  lightweight  aggregate,  which  could  be  made  at  the  Arundel  operation. 
One  block  producer  In  northeastern  Massachusetts  is  presently  market 
testing  this  type  of  brick.  A  brick  producer  in  the  Portland  area  has 
Inquired  about  producing  this  brick  with  an  aggregate  available  In  Maine. 
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The  Information  contained  In  this  report  was  obtained  by 
Frederick  C.  Schmutz,  Senior  Consultant  for  the  Corham  Research 
Corporation,  assisted  by  Harry  W.  Monahan,  Lightweight  Aggregate 
Special  1st, 

The  report  was  prepared  by  F.  C.  Schmutz. 
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Supplement   \ 


CONTACTS  -  Other 

than  Architects 

Concrete  Products  Includlnq  Block 

-  New  Hampshire 

J.  6.  Austin 

Dover 

D.  Delucla  &  Son 

Manchester 

Duracrete  Block 

Hookset 

Hune  Pipe  of  New  England 

Merrimack 

Merrimack  Concrete  Products 

Merrimack 

Rochester  Cement  Block 

Rochester 

Bancroft  &  Martin 

-  Maine 
North  Leeds 

Louis  Caron  Concrete  Block 

Auburn 

Ellsworth  Cement  BSock 

Ellsworth 

Gagne  &  Son 

Belgrade 

Genes t  Concrete  Works 

Sanford 

Maine  Cement  Products 

Portland  Division 

Portland 

Veazle  Division 

Veazle 

Vlto  MInlnnI 

BIddeford 

Saco  Srick 

North  Saco 

Wllhelmsen  Concrete  Products 

Prides  Corner  (Westbrook) 

-  Massachusetts 

Acton  Block 

Actoo 

Danvers  Cement  Block 

Danvers 

A.  Jandrss  &  Son  Inc. 

Gardner 

G.  Rappol  I ,  Inc., 

Woburn 

Ready-Mix  Producers 

City  Ready  Mix 

-  Hew  Hampshire 
Dover 

F  &  S  Trans  I te 

Manchester 

Manchester  Ready  Mix 

Manchester 

-  Maine 

Blue  Rock  Quarry 

Cumberland  Mills 

Cook  &  Company 

Portland 

-  Massachusetts 

Georgetown  Engineering  &  Const* 

>      Newburyport 
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Precast  and  Pres tressed  Concrete 

Structural  Concrete  Corp, 

Wescott  Division  Laconia,  New  Hampshire 

Auburn  Division  Auburn,  Maine 

Miscellaneous 

-  Maine 

Boston  and  Maine  Railroad  Portland 

Cole's  Express  Portland 

Dragon  Cement  Co.  Portland 

Maine  Central  Railroad  Portland 

Maine  Department  of  Highways  Augusta 
Maine  Industrial  Building 

Authority  Augusta 

Portland  Cement  Association  Portland 
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Supplement  II 


Contacts  with  Architectural  Firms 


Firm 

Crowell,  Lancaster, 
Hfgglns  6-  Webster 

Eaton  W0  Tarbell  Associates 

Krumbhaar  &  Holt 

Melvln  W.  Beck  Associates 

Alonzo  Harrlman  Associates 

Dean  Woodward 

Wadsworth  &  Boston 

W,  R.  Ingalls 

W,  0.  Armltage 


Location  In  Maine 

Bangor 

Bangor 

El Isworth 

Watervll le 

Auburn 

Auburn 

Portland 

Portland 

Portland 
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Table  2  Indicates  that  the  transportation  costs  from  the  Arundel 
operation  to  the  major  consuming  points  In  the  area  are  such  as  to  make 
the  Arundel  product,  at  an  P.,0.3.  price  cf  $6S00  per  ton,  competitive 
or  lower  on  a  delivered  prScd  basis  than  the  products  from  the  competing 
operations  which  are  presently  priced  at  $5„50  and  $6C00  per  ton  Fc0.B. 
It  may  be  anticipated  that  with  the  Introduction  of  a  new  operation  at 
Arundel,  some  of  the  present  producers  may  shade  their  prices  In  order 
to  hold  their  customers 0  This  may  be  particularly  true  In  the  case  of 
the  Massllte  aggregate  because  In  many  peaces  it  is  considered  a 
secondary  material P  from  a  performance  viewpoint, 

TABLE  3  gives  the  yearly  dollar  and  percentage  return  on  a  $865,000 
Investment  on  the  Artacdel  project,  for  two  levels  of  production  and  two 
reductions  In  F.O.B.  price  under  the  presently  Indicated  $6.00  per  ton. 
The  Information  in  this  table  Is  graphically  presented  In  Figures  II, 
It  Is  noteworthy  that  the  break  even  points  for  the  two  levels  of  pro- 
duction and  sales  are  $3<,75  -  $4.00  for  the  132,000  ton  operation,  and 
$4.75  for  the  105,000  ton  operation 

The  potential  market  estimate  of  about  100,000  tons  per  year,  as 
herein  presented,  is  made  on  a  conservative  basis  particularly  for  the 
area  north  of  Boston,  The  conservative  aspect  of  the  100*000  ton 
figure  Is  especially  true  for  a  superior  aggregate  approaching  Norllte 
In  properties.  The  experimental  work  has  Indicated  that  such  a  product 
can  be  produced  In  the  Arundel  operation.  Any  Increase  In  sales  over 
the  100,000  ton  per  year  level  will  tend  to  reduce  prodectlon  costs 
and  thereby  work  toward  offsetting  the  effect  on  profits  of  F.O.B. 
price  reductions.  The  figures  In  TABLE  4  give  the  yearly  dollar  and 
percentage  return  for  five  years  on  the  Arundel  operation  once  the  100,000 
tons  per  year  level  Is  reached;  and  the  sales  continue  to  grow  to  about 
135,000  tons  per  year  In  that  period  while  the  Fo0,B.  price  continues 
to  soften  to  $5«00  per  ton  In  four  years.  The  rate  of  growth  required 
to  accomplish  this  Increase  In  sales  averages  about  6%  per  year.  Under 
these  conditions  there  will  be  an  upturn  in  profits  In  the  fifth  year 
when  the  economies  resulting  from  Increased  production  overtake  the 
decreased  return  resulting  from  price  cutting. 
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